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(57) ABSTRACT

A polymerization process for producing highly branched
polyesters 1s disclosed comprising reacting a multi-
functional di- or higher epoxide group containing compound
with a multi-functional di- or higher acid chloride group
containing compound, wherein at least one of the epoxide or
acid chloride group containing compounds 1s a tri- or higher
epoxide or acid chloride group containing compound. The
invention provides a process for producing highly branched
polyesters 1n one reaction step. The present process com-
prises a ring opening reaction between a reactant or reactants
having multiple epoxide groups and another reactant or
reactants having multiple acid chloride groups. The inven-
tion has the capability of making highly branched structures
of high molecular weight and has the advantages of not
requiring multi-step reactions and purification. The inven-
tion yields highly branched polyesters having a multiplicity
of very reactive epoxy or acid chloride or both on the outside
surface which can be further converted to other functional
ogroups, 1ncluding polymerizable groups and initiating
ogroups, which can undergo further chain extensions.

19 Claims, No Drawings
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HIGHLY BRANCHED POLYESTERS
THROUGH ONE-STEP POLYMERIZATION
PROCESS

FIELD OF THE INVENTION

The present 1nvention relates to processes for the prepa-
ration of highly branched functional and reactive polymers.
Specifically, the present invention relates to novel highly
branched functional and reactive polyesters prepared
through a one-step process.

BACKGROUND OF THE INVENTION

Highly branched polymers can be made by multi-step or
one step process. Multi-step generation processes were

exemplified by Frechet in U.S. Pat. No. 5,041,516 and by
Hult in U.S. Pat. No. 5,418,301. Both patents described that
the highly branched polymers known as dendrimer or “star-
burst polymer” were made through a series of growth steps
consisting of repeatedly reacting, 1solating, and puritying.

One-step process was first conceptualized by Flory (J.
Am. Chem. Soc., 74, p2718 (1952)) who demonstrated by
theoretical analysis that a highly branched and soluble
polymers could be formed from one-step condensation poly-
merization of monomer comprising the structure AB,, where
A and B are reactive groups. In contrast to the dendrimers,
the polymer formed by AB,, polymerization 1s randomly
branched. Kim et al in U.S. Pat. No. 4,857,630 disclosed that
hyperbranched polyphenylenes can be prepared by one-step
polymerization of AB,-type monomers such as (3,5-
dibromophenyl)boronic acid and 3,5-dihalophenyl Grignard
reagents. Baker in U.S. Pat. No. 3,669,939 described that
highly branched aliphatic polyesters could be prepared by
one-step melt condensation polymerization of monomers
having a single carboxylic acid and multiple alcohols.
Hawker et al disclosed that all aromatic, highly branched
polyesters can be made by melt polymerization of 3,5-bis
(trimethylsiloxy)benzoyl chloride (J. Am. Chem. Soc., 113,
p4583 (1991)). U.S. Pat. No. 5,196,502 discloses the use of
diacetoxybenzonic acids and monoacetoxydibenzonic acids
to produce wholly aromatic polyesters. U.S. Pat. Nos. 5,225,
522 and 5,227,462 disclose highly branched aliphatic-
aromatic polyesters and processes for making the same. U.S.
Pat. No. 5,418,301 discloses a process for preparing den-
dritic macromolecules. U.S. Pat. No. 5,514,764 discloses
preparation of hyperbranched polyester by a one-step pro-
cess of polymerizing a monomer of the formula A-R-B.,.
U.S. Pat. No. 5,567,795 discloses synthesis of highly
branched polymers 1in a single processing step by using,
branching aromatic monomers and an end-capping mono-
mer. U.S. Pat. No. 5,663,247 disclosed a hyperbranched
macromolecule of polyester type comprising a central
monomeric or polymeric epoxide group containing nucleus
and at least one generation of a branching chain extender
having at least three reactive sites of which at least one 1s a
hydroxyl or hydroxyalkyl substituted hrodroxyl group and at
least one 1s a carboxyl or terminal epoxide group and the
process for making the same.

Most AB, type monomers, however, are not commer-
cially available, and access to such monomers accordingly
involves synthetic efforts, which 1s potentially problematic,
especially on a large scale. To cope with such problem, an
A.+B; approach to hyperbranched polymers has been
recently revisited. In A,+B; polymerization, di- and tri-
functional monomers are reacted together. For ideal A,+B;
polymerization, intramolecular cyclization must be mini-
mized as a competing and chain terminating process during
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polymer propagation, all A groups and all B groups should
have near equal reactivity 1n both the monomers as well as
the growing polymers, and the A and B groups should have
exclusive reactivity with each other. In view of such
requirements, relatively few specific combinations of A,+B;
polymerization schemes have been proposed. Jikei et al
(Macromolecules, 32, 2061 (1999)), e.g., has reported syn-
thesis of hyperbranched aromatic polyamides from aromatic
diamines and trimesic acid. Emrick et al (Macromolecules,
32, 6380 (1999)) has disclosed the synthesis of hyper-
branched aliphatic polyethers by means of proton-transier
polymerization of 1,2,7,8-diepoxyoctane as A, monomer
and 1,1,1-tris(hydroxymethyl)ethane as B; monomer.

It 1s known that ring open reaction between terminal
epoxides with acid chlorides, in the presence of tetrabuty-
lammonium bromide, can form an anti-Markinovkov ester
product containing a primary chloride. This reaction was
applied to dicpoxides and diacid chlorides to form polyesters
(Kameyama et al., Macromolecules 25, p.2307 (1992)).
However, no prior art teaches the use of multiple epoxides
and multiple acid chlorides to prepare highly branched
polymers.

It would be desirable to provide a process for producing
highly branched polyesters of high molecular weight with-
out requiring the use of AB, type monomers or multi-step
reactions and purification.

It would be further desirable to provide a process which
results 1n highly branched polyesters having a multiplicity of
very reactive epoxy or acid chloride groups or both on the
outside surface which can be further converted to other
functional groups.

SUMMARY OF THE INVENTION

In accordance with one embodiment of the mnvention, a
polymerization process for producing highly branched poly-
esters 1s disclosed comprising reacting a multi-functional di-
or higher epoxide group containing compound with a multi-
functional di- or higher acid chloride group containing
compound, wherein at least one of the epoxide or acid
chloride group containing compounds 1s a tri- or higher
epoxide or acid chloride group containing compound.

The ivention provides a process for producing highly
branched polyesters 1n one reaction step. The present pro-
CESS comprises a ring opening reaction between a reactant or
reactants having multiple epoxide groups and another reac-
tant or reactants having multiple acid chloride groups. The
invention has the capability of making highly branched
structures of high molecular weight and has the advantages
of not requiring multi-step reactions and purification. The
invention yields highly branched polyesters having a mul-
tiplicity of very reactive epoxy or acid chloride or both on
the outside surface which can be further converted to other
functional groups, including polymerizable groups and 1ini-
fiating groups, which can undergo further chain extensions.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention i1s directed to prepare a highly
branched polyester 1n a single step procedure. The present
process utilizes the ring opening reaction of multiple
epoxide group containing compounds with multiple acid
chloride group containing compounds at a suflicient tem-
perature and for a sufficient period of time to produce a
highly branched macromolecule of the polyester type. In
accordance with the 1nvention, the use of compounds having,
multiple reactive epoxide groups 1in combination with com-
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pounds having multiple acid chloride reactive groups has
been found to be an especially useful path to providing
highly branched polyester materials. The acid chloride
groups are 1n general more reactive than carboxylic acid

4

In specific embodiments, the multifunctional epoxide
ogroup containing compound may be selected from glycidyl
esters and ethers of the following formulas (Ia) and (Ib):

groups, and the reaction between acid chloride and epoxide 5 (Ia)
groups proceeds under generally less stringent conditions Ri—£ C—O0—CH,—CH—CH,
than epoxides and carboxylic acid groups. Further, the acid | \ / )
chloride and epoxide groups can advantageously directly O O .
provide highly reactive end groups in the resulting highly Ib)
branched polymers. 10 1
Rl—£CH,—0—CH,—CH—CH,
Compounds with multiple reactive epoxide groups which _< \ / )
may be used 1n the process of the mvention can be repre- O n
sented by the following formula (I):
0 15 Examples of multiple reactive epoxide group containing,
compounds include but are not limited to: di or triglycidyl
Ri—f CH—CH, isocyanurate, triphenylolmethane triglycidyl ether, di or
_C \/ ) triglycidylaniline, N,N-diglycidyl-4-glycidyloxyaniline,
v n 1,2-epoxy-3-allyloxypropane, 1,2-epoxy-3-
20 phenoxypropane, diglycidyl terephthalate, epoxidized soy-
_ _ _ _ _ bean fatty acid or oil, epoxidized polyvinylalcohol, poly
anq compounds w1th'mult1ple reactive amq chlor}de oTOUPS (glycidyl (meth)acrylates) based homo and copolymers,
which may be used 1n thei process of the invention can be epoxy resins such as 3,4-epoxy-cyclohexyl methyl 3,4-
represented by the following formula (II): epoxy cyclohexane, trimethylolethane triglycidyl ether, tri-
25 methylopropane triglycidyl ether, poly(dimethyl siloxane)
(1D diglycidyl ether, poly(propylene glycol)diglycidyl ether,
/O poly(ethylene glycol) diglycidyl ether, poly[(o-eresyl gly-
2 /_ Idyl ether)-co-formaldehyde].
R*—C—Cl),, Cldy M
Example of multiple reactive acid chloride group con-
30 tamning compounds include but are not limited to: 1,3,6-
where R* and R” are each independently a monomeric, benzenetricarbonyl trichloride, succinyl chloride, terephtha-
oligomeric, or polymeric compound nucleus, and n and m loyl chloride, malonyl chloride, poly (meth)acryloyl
are 1ntegers between 2 and 100, preferably between 2 and chloride.
20, without n and m being 2 at the same time. Each R' and Scheme 1 shows an example of the formation of a highly
R* compound nucleus may comprise, e€.g., a straight or 35 branched polyester in accordance with the invention by
branched alkyl, cycloalkyl, aryl or alkylaryl moiety, or an reacting triphenylolmethane triglycidyl ether with tereph-
oligomeric or polymeric chain. thaloyl chloride:
Scheme 1
O
N
)\‘
O Cl
W / \ BuyNBr
¥ 100°C.
Cl — O
T
O O
<I/\O/ X AN o/\D
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Catalysts may be used to facilitate reaction between the
epoxide and acid chloride groups. Preferred catalysts for use
in the process of the invention inculde onium salts, poly-
ethers and cryptand based complexes, and amine containing 50

[ .ewi1s bases.
CH,

>_

Preferred omium salts for use as catalysts inculde but are
not limited to: Me,N"Br~, Pr,N"Br~, Bu,N"Br~, Bu,P"Br~, ss
Bu,N*CI~, Bu,N'F~, Bu,N'T", Bu,P"CI~, (C;H,,);NMe™

CHg,,\ /,CHQ, ~
Cl-, (C,H,,),PEt'Br~, C.H,,NEt,*Br-, C.H,,NEt,*Br", N N
C,,H,,NEt;*Br~, C,,H,.NEt,;*Br~, C,.H,;NEt;*Br-, )\
C,H,.PEt;"?"~, C,H;CH,NEt,*Br~, C, ,H;sPMe,*Br-,
(CsHs5),P™Br™, (CoHs),As™ClT, (CsHs),As™Br™, (CgHs) °0 O O
,PMe*Br-, (HOCH,CH,),NBu*Br, Bu,N*OH~, Bu,N* N N
(CICr0O5)”, Bu,N*CN~, Bu,N*BH,CN-, Bu,N*(H,PO,), | Br(CT) | Br(CI')
Bu,N*(H,PO.)", Bu,N*1/2(PtCl,)~, Bu,N*PF.~, Bu,N* THz “SHZ
HSO,~, Bu,N*[CH,CH(OH)CO.,]", Bu,N*NO,~, Bu,N* .. CH_ _CH_
10,7, Bu,N*ReO,”, Bu,N*BF,”, Bu,N*[B(C.H.),], 2Hs C4Ho CoHs C4Ho

Bu,N*[CF,SO.T,
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-continued
CHyn_ _-CHa CHyn_ _-CH;
N N
T Br(CI") N Br(Cl)
(‘:H2 CH,
C(CHs), (CH3)sCH;
N(\
- N*
Hj CH;
Cl(Br) CI(Br)
C,Hs
N* —N
Z/ ) N | \N—Ph CI'(Br)
X
N o N
‘ CI'(Br) ‘
CH; Ph

R;—N+(CH,),_,O(CH,),_,N+R;, Br (CI") [where R repre-
sents alkyl group]

/
(CH3)C8H17_N© < >N+— CgH;7(CH3), CI'(Br)
Pﬂlymer4</_>7PBu3+Br'
Pmlymer% \>7NB113+B1*'
Polymer 4</_\>N+—Bu
— CI

Any polyethers or cryptand based complexes which can
facilitate the reaction can be used 1n the present invention as
catalyst. Examples of these compounds include but are not
limited to polyethylene glycol and derivatives such as
HO(CH,CH,0),H (n=2-600), RO(CH,CH,O)H where
R=C,; to C; alkyl groups, N(CH,CH,OCH,CH,OCH,)s,,
N(CH,CH,OCH,CH,OH),, crown ethers and cryptands
such as 18-crown-5, 15-crown-5, dibenzo-18-crown-6,
dicyclohexano-18-crown-6, Kryptand 211, Kryptamd 222,
Kryptand 221.

Any amine containing Lewis bases can also be used 1 the
present invention. Example of these Lewis bases are but not
limited to trialkyl substituted amine, pyridine, dimethylami-
nopyridine.

The amount of catalyst used i1n the present invention can
preferably vary from 0.1% to 30%, more preferably from
0.1% to 10%, and most preferably from 0.1% to 2%, based
on the monomer molar concentration.

In a specific embodiment, the resultant highly branched
polymers prepared according to the present invention have
a multiplicity (e.g., represented by x in Scheme 2 below) of
either epoxy or acid chloride or both functional groups on
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the outside surface. The resulting functional groups on the
highly branched polymer surface will depend on polymer-
1zation conditions such as the molar ratio of epoxide to acid
chloride, monomer concentration, catalyst, polymerization
temperature and time, and the like. In preferred
embodiments, the reactant concentrations are selected to
provide a ratio of epoxide groups to acid chloride groups for
the polymerization reaction of greater than 2:1 (resulting in
primarily epoxide terminated products) or less than 2:3
(resulting in primarily acid chloride terminated products), as
ratios closer to 1:1 (e.g., from about 2:3 to 2:1) have been
found to be more prone to crosslinking and gel formation.

In another embodiment, the epoxy or acid chloride groups
on the surface of polymer can be easily converted to other
types of functional groups by means of organic reactions.
Examples of these functional groups include but are not
limited to water soluble/dispersible groups, crosslinking
groups such as vinyls, initiating and polymerizable groups
for further chain extensions, imaging and photographically
useful groups such as dyes and couplers, bio-compatible
oroups, and the like. For example, acid chloride or epoxy
end groups can be easily converted mnto hydrophilic groups
such as —NH,, —COOH, —SO,H, —OH, —N"R, and the
like as 1llustrated 1n Scheme 2.

Scheme 2

O
H,0 |
O(C_OH)E

——-

NHQ_ (CHQ) Il 8031—1
Jine-

I
O(C_NH_ (CH3)3—S0;H),
O O
| NaN; |
O,(C_Cl)x - O(C_N3)K -
O
| howmser_

O(C_NHZ)};
O
|

O

O(C_O(Cﬂz)ﬁl)g
| |
O(C_O(CH2)3N+(C2H5)3C1 )x

Also, highly branched polymers with various photo-
oraphically useful end groups as described in copending
application U.S. Ser. No. 09/132,045, the disclosure of
which 1s mncorporated by reference, can be made via the
present mvention. For example, a polymeric magenta cou-
pler can be formed as in Scheme 3.

N(CyHs)s
.
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Scheme 3
NH»
N—/N \/N
// NH

ﬁ V4

O(C_CDK >

C—NH

Similarly other types of functional polymers such as
surface active polyesters, heat (temperature, pH, and the
like)-sensitive smart polyesters, light or electron harvesting
polymers, etc., can be obtained.

H
S~
ﬁ W)l

10

The functional hyperbranched polymers can also be used
for further chain extension to form polymers with higher
molecular weight and even more complex architectures.
There are two ways to make chain extension.

First, one or more 1nitiating sites can be introduced into
the end of hyperbranched polyester. These macroinitiators
can be used 1n any kinds of living and non-living chain
polymerizations such as radical, anionic, cationic, group
transfer polymerization, atom transfer radical
polymerization, telomerization, coordination
polymerization, and the like to form polymers with more
complex architectures such as star polymers with polyester
cores, hyperbranched polyesters based block/graft/super
branched polymers and the like. Thus, the present invention
provides a method to make even complex polymers or

copolymers comprising polyesters and vinyl polymers in the
same molecule.

For example, a macroinitiator for Atom Transfer Radical
Polymerization (ATRP, as described, e.g., in U.S. Pat. Nos.
5,789,487 and 5,807,937, the disclosures of which are
incorporated by reference) can be made by modification of
epoxy ended highly branched polymer with trichloroacetyl

chloride (Scheme 4) and can be used in ATRP of methyl
methacrylate (Scheme 5):

Scheme 4

L

VT
J
i

+ ClI—C(O)CCl;
oo
BusNBr
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Alternatively, epoxy and acid chloride ended hyper- For example, the reaction between multiple acid chloride

branched polyesters can react with any mono- or multiple ended hyperbranched polyester and diepoxides yields a

functional monomers such as amine, OH, epoxy, acid chlo- 33 highly branched polyesters with higher molecular weight

ride containing condensation type of monomers to form (Scheme 6).
even more complex polymers or copolymers.

Scheme 6

PN

A

O O
f 5 /_’ E BusNBr
e
R

C Q!
P O | AN o

O
Cl ~~

X
O/\Eo\ﬂ/\/
)\‘ 1 V (G2,G3,...)

Cl +

O

Cl
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(where G2, G3, G4, . . . represents second, third, fourth, etc.
generations).

As another example, the reaction between multiple acid
chloride ended hyperbranched polyester and mono NH,
containing polyether compounds such as Jeffamine™
(Huntsman) compounds may result in hydrophiphilic star
copolymer with highly branched polyester as the core and
Jeffamine™ as the branches.

The present polymerization process may be conducted as
bulk polymerization, 1.€., 1n absence of solvent. However, 1t
can also be carried out 1n any solvent, which might include
but are not limited to ethers, cyclic ethers, alkanes, cycloal-
kanes which may be substituted, aromatic solvents, haloge-
nated hydrocarbon solvents, acetonitrile,
dimethylformamide, ethylene carbonate, dimetliylsulfoxide,
dimethylsulfone, sulfolane, alcohol, water, mixture of such
solvents, and supercritical solvents such as carbon dioxide,
alkanes 1n which any H may be replaced with FE, efc.
Preferred solvents include toluene, cyclohexanone, anisole,
o-dichlorobenzene, DME, sulfolane, ethyl benzene.

The present process may also be conducted 1n accordance
with known suspension, emulsion, microemulsion, gas
phase, dispersion, precipitation, template, reactive injection
molding, phase transfer polymerization processes, melting
polymerization, and the like.

The polymerization can be conducted in accordance with
known batch, semi-batch, continuing processes, tube-tlow,

and the like. The polymerization temperature can be varied

60

65

(

D,
\

from -200 to 500° C., more typically from -100 to 200° C.,

and preferably from 20 to 120° C. Polymerization pressure
may typically vary from 10~° atm to 10~ atm. Combinato-
rial chemistry and experimental design can be used in the
context of the present mvention to optimize the polymer-
1zation reaction conditions.

The molecular weight and molecular distribution of poly-

mers prepared 1n accordance with the present invention may
vary from about 100 to 10™® and from 1.001 to 100,
respectively, and the glass transition temperatures from
-300 to 1000° C. depending upon the polmerization reactant
compositions.

The final polymers can be purified with known processes
such as precipitation, extraction, and the like. Polymers can
be used 1n the forms of solid particle, solution, dispersion,
latex, and the like.

The highly branched polymers and copolymers prepared
in the present mvention can be used in a variety of appli-
cations such as plastics, elastomers, fibers, engineering
resins, coatings, paints, adhesives, asphalt modifiers,
detergents, diagnostic agents and supports, dispersants,
emulsifiers, rheology modifiers, viscosity modifiers, 1n 1nk
and 1maging compositions, as leather and cements additives,
lubricants, surfactants, as paper additives, as mtermediates
for chain extensions such as polyurethanes, as additives in
ink jet, printing, optical storage, photography, photoresist,
and coloration of polymer, as water treatment chemicals,
cosmetics, hair products, personal care products, polymeric



US 6,353,082 Bl

17

dyes, polymeric couplers, polymeric developers, antistatic
agents, 1n food and beverage packaging, pharmaceuticals,
carriers for drug and biological materials, slow release agent
formulations, crosslinking agents, foams, deodorants, poros-
ity control agents, complexing and chelating agents, carriers
for chiral resolution agents, catalysts, carriers for gene
transfection, for encapsolation, as light harvesting materials,
as non-linear optical materials, and to form super macro-
molecular assemble.

EXAMPLES

The 1nvention can be better appreciated by reference to
the following specific embodiments.

Examples 1-8
Polymerization of Triphenylolmethane Triglycidyl Ether
with Terephthaloyl Chloride

A typical example of synthesis of fully aromatic polyes-
ters by using aromatic acid chlorides and aromatic epoxides
is described as following. Terephthaloyl chloride (2.012 g,
9.9103 mmol) and tetrabutylammonium bromide (0.319 g,
0.9895 mmol) were charged into a 25 ml air-filee flask along
with a stir bar 1n the diy box. The flask was septumed and
removed from the diy box. Tuphenylolmethane tuiglycidyl
ether (1.51 g, 3.2788 mmol) and 7 ml of toluene were added
and the solution was still ed at 100° C. in a nitrogen
atmosphere for one hour. The product was precipitated 1n
250 ml of methanol, collected via suction filtration and dried
in the vacuum oven. The polymer was characterized by GPC
to determine the molecular weight and molecular weight
distribution as defined by the ratio of weight average
molecular weight (Mw) to number average molecular
weight (Mn). GPC of final polymer: Mn=1990, Mw/Mn=
2.70. The synthesis was repeated, but with varying concen-
trations of terephthaloyl chloride and tniphenylolmethane
tuiglycidyl ether.

The polymerization of the triphenylolmethane triglycidyl
cther with terepthaloyl chloride may result in products with
different generations, differen molecular weights, different
branching degrees, different end groups, which are depen-
dent of polymerization conditions. Table 1 shows the effects
of the ratio of the epoxide groups to the acid chloride groups
of the treiphenylolmethane triglycidyl ether and terephtha-
loyl chloride reactants on the formation of polymers with
different end groups.

TABLE 1
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Example 9
Polymerization of Triphenylolmethane Triglycidyl Ether (1
molar equiv.) with Succinyl Chloride (3 molar equiv.)

The polymerization process 1s similar to the one 1n
example 1-8. GPC analysis of final product: Mn=2200,
Mw/Mn=6.77. The epoxide/acid chloride group ratio of 1/2
resulted 1n a predominately acid chloride group terminated
product.

Example 10

Polymerization of N,N-Diglycidyl-4-glycidyloxyaniline (2
molar with Terephthaloyl Chloride (1 molar equiv.) in
Toluene

The polymerization process 1s similar to the one 1n
example 1-8. GPC analysis of final product: Mn=2010,
Mw/Mn=2.42. The epoxide/acid chloride group ratio of 3/1
resulted 1n a predominately epoxide group terminated prod-
uct.

Example 11
Esterification of Acid Chloride Ended Hyperbranched Poly-

ester with Glycidyl 1,1,2,2-tetratluoroethyl Ether

The acid chloride ended hyperbranched polyester as pro-
duced in example 6 (1 gram, Mn=1070) was dissolved in 2
ml toluene 1 a 10 ml round bottom flask. A solution

containing 0.5 grams of glycdyl 1,1,2,2-tetrafluoroethyl
cther, 0.0178 grams of Bu,NBr, and 2 ml of toluene was

added to the above solution. The mixture was stirred at 100°
C. under a N, atmosphere for 5 hours. The product was

precipitated 1 50 ml of methanol to give a white powder
product. "H NMR spectrum of the product show a complete

esterification.

Example 12

Esterification of Acid Chloride Ended Hyperbranched Poly-
ester with 2,2,2-trifluoroethanol

The acid chloride ended hyperbranched polyester as pro-
duced in example 6 (25 grams, Mn=1070) was dissolved in
50 ml 2,2,2-trifluorotoluene 1 a 250 ml round bottom flask.
14 grams of 2,2,2-trifluoroethanol was dropwise added to
the above solution. The mixture was stirred at 100° C. under
a N2 atmosphere for 0.5 hours. The product was precipitated
in 1000 ml of methanol to give a white powder product. 'H
NMR spectrum of the product show a complete esterifica-
fion.

Example 13
Amidation of Acid Chloride Ended Hyperbranched Polyes-

ter with Jeffamine™ M-715

Polymerization Results of Triphenylolmethane triglycidyl ether with

terephthaloyl chlonde

/A,

Example Observation

1 1/1 gel

2 21 gel

3 3/1 Predominately epoxide terminated products

4 5/1 Predominately epoxide terminated products

5 1/1.4 gel

6 1/2 Predominately acid chloride terminated products
7 1/3 Predominately acid chloride terminated products
3 1/5 Predominately acid chloride terminated products

65
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The acid chloride ended hyperbranched polyester as pro-
duced in example 6 (1 gram, Mn=1070) and 2.7 grams of
Jeffamine™ M-715 (Huntsman) were mixed with 4 ml of
toluene 1 a 10 ml round bottom flask. The solution was
allowed to react at room temperature for 15 min. 'H NMR
of the product showed the formation of a star polymer.

Example 14

Esterfication of Acid Chloride Ended Hyperbranched Poly-
ester with 2-chloroethanol

To a 100 ml round bottom flask, 6.8 grams of
2-chloroethanol, the acid chloride ended hyperbranched
polyester as produced in example 6 (20 grams, Mn=1070),
and 0.19 grams of triethylamine were mixed with 40 ml of
toluene. The solution was stirred at room temperature for 1
hr. Polymer was precipitated from methanol and dried under
vacuum. 'H NMR spectrum showed the formation of the
expected esterified product.

Example 15

Quaternization of 2-chloroethanol-esterfied Polymer with
2-(dimethylamino)ethanol

To a 50 ml round bottom flask, 5 grams of polymer as
produced 1n example 14 was dissolved in 17 ml of DMEFE. 3.7
grams of 2-(dimethylamino)etlhanol was added to the above
solution and the mixture was stirred at 60° C. for 5 hrs. A fine
white powder product was obtained by precipitation from
cold methanol and dried under vacuum. "H NMR spectrum
showed the folmation of the expected quarternized product.
The product 1s partially soluble 1n acetone or 1n water, and
completely soluble in acetone/water (10/90 by volume)
mixture.

Example 16

Hydrolysis of Acid Chloride Ended Hyperbranched Polyes-
ter Polymer

To a 25 ml round bottom flask, 1 gram of the acid chloride
ended polymer as produced 1in example 6 was dissolved 1n
2 ml of acetone. A mixture of 0.11 grams of deionized water,
0.1 ml of 50% sodium hydroxide, and 2 ml of acetone was
dropwise added to the above solution over 30 min. After
another 30 minutes, the product was precipitated out from 50
ml acetone and dried under the vacuum. The resulting
hydrolyzed product 1s dispersible 1n water.

Example 17

Formation of Hyperbranched Polyester with Sulfonic Acidic
end Groups

For the sulfonation of the epoxy ended hyperbranched
polyester, sodium sulfite (1.80 g, 14.2811 mmol) was added
into a 25 mL round bottom flask along with a stir bar.
Tetrabutylammonium bromide (1.15 g, 3.5672 mmol) and
10 mL of water were added and the solution was stirred. The
epoxy ended polyester as produced in example 3 (5.00 g,
Mn=1120) was added along with I mL of chloroform. The
flask was connected to a condenser and the resulting sus-
pension was allowed to stir at 80° C. for 60 hours. After the
allotted reaction time, the aqueous layer was decanted and
methylene chloride was added to the organic layer. The
organic solution was washed twice with water and stripped
of solvent with a rotary evaporator prior to drying in the
vacuum. The resulting sulfonated product was dispersible in
water, and with a few drops of acetone 1n water became
soluble.

Example 18
Preparation of Macro-initiator
To a 50 ml 3-neck flask, 10 grams of epoxy-ended
hyperbranched polyester as produced in example 3 (Mn=
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1120) and 0.125 grams of tetrabutylammonium chloride.x
xH20 were dissolved 1n 25 ml of toluene. 5 ml of trichlo-
roacetyl chloride was dropwise added to the polymer
solution at 0° C. over 10 minutes period of time. After the

addition was complete, the ice bath was removed and the
solution allowed to stir at room temperature for another 2
hours 15 minutes. The product was precipitated out from
250 ml of methanol and was dried under the vacuum fto
provide a macroinitiator molecule comprising a highly
branched polyester nucleus and multiple nitiating end
oToups.

Example 19

Synthesis of Star Polymer

Star polymer with hyperbranched polyester as core can be
synthesized by any living or non-living polymerization
processes using hyperbranched polyester-containing macro-
initiator. For example, a star polymer with hyperbranched
polyester as core and poly (2-chloroethyl methacrylate) as
the arms can be produced as follows. To a 10 ml air free
flask, 1.0 gram of macroinitiator (Mn=11300) as prepared in
example 18, 1.0 gram of 2-chloroethyl methacrylate, 0.92
grams of tetrabutylammonium bromide, and 0.62 grams of
ferrous bromide were dissolved in 5 ml of toluene. The
suspension mixture was purged with N, for 15 minutes and
stirred at 70° C. in a N, atmosphere for 22 hours. The
resulting star polymer product was precipitated out from 250
ml of methanol and was dried under the vacuum. GPC
analysis of the product gave Mn=5610 and Mw/Mn=2.5.

Example 20

Chain Extension to Increase Molecule Weight

To a 10 mL airfree flask, the acid chloride-ended hyper-
branched polyester as produced in example 6 (2.00 g,
Mn=1070), tetrabutylammonium bromide (0.0931 g), N,N-
diglycidylaniline (0.19 g) and 6 mL of toluene were added.
The solution was stirred at 100° C. for 1 hour in a nitrogen
atmosphere. Polymer was precipitated from methanol and

dried under the vacuum. GPC analysis of the final product
ogrves Mn=3500, and Mw/Mn=1.75.

Example 21
Synthesis of Hyperbranched Polyester with Attached Pho-
tographic Coupler
The acid chloride-ended hyperbranched polymer as pro-
duced in example 3 (3 grams, Mn=1070) was dissolved in 15
mL of THF 1n a beaker. A magenta dye forming coupler
intermediate (3.4 g) with the following structure:

N

N—/™N N
/

)

was added 1nto a 250 mL round bottom flask along with a stir
bar. Triethylamine (0.24 g) and 35 mL of THF were added
and nitrogen was allowed to bubbling through 1it. The
polymer solution was added dropwise and the resulting
solution was allowed to stir for 60 minutes. After the allotted
reaction time, the product was precipitated mm 500 mL of
water. The product was collected, redissolved 1n 50 mL of
THE, reprecipitatcd mn 500 mL of 10% aqueous methanol,
redissolved 1n 50 mL of THF and reprecipitated in 500 mL
of hexane. The powder was collected by suction filtration
and dried 1n the vacuum oven. The dried powder was further
purified by extraction with water for 3 days and then dried
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under the vacuum. 1H NMR analysis confirmed formation
of a polymeric photographic coupler.

The mvention has been described 1n detail with particular
reference to certain preferred embodiments thercof, but it
will be understood that variations and modifications can be
cifected within the spirit and scope of the invention.

What 1s claimed 1s:

1. A polymerization process for producing highly
branched polyesters comprising reacting epoxide groups of
multi-functional di- or higher epoxide group containing
compound reactant with acid chloride groups of multi-
functional di- or higher acid chloride group containing
compound reactant to form ester products, wherein at least
one of the epoxide or acid chloride group containing com-
pound reactants 1s a tr1- or higher epoxide or acid chloride
group containing compound, and the reaction product com-
prises a highly branched macromolecule of the polyester
type.

2. A process according to claim 1, comprising reacting a
di- or higher epoxide group containing compound with a tri-
or higher acid chloride group containing compound.

3. A process according to claim 1, comprising reacting a
tri- or higher epoxide group containing compound with a di-
or higher acid chloride group containing compound.

4. A process according to claim 1, wherein the epoxide
group containing compound 1s of the formula (I):

£

and the acid chloride group containing compound 1s of the
formula (II):

(D

(ID)
//0

R2—C

Cl

where R* and R* are independently monomeric, oligomeric,
or polymeric compound nuclei, and n and m are integers
between 2 and 100, without n and m being 2 at the same
fime.

5. A process according to claim 4, wherein n 1s 2 and m
is 3.

6. A process according to claim 4, wherein n 1s 3 and m
1s 2.

7. A process according to claim 4, wherein each of n and
m are between 2 and 20.

8. A process according to claim 4, wherein R* and R* each
comprise a straight or branched alkyl, cycloalkyl, aryl or
alkylaryl moiety.

9. A process according to claim 1, wherein the epoxade
oroup containing compound 1s a glycidyl ester of the for-

mula (Ia):
(Ia)

I \/

C—O0—CH,—CH—CH,
O 11

and the acid chloride group containing compound 1s of the
formula (II):
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RI—CCH2 O —C<7CH2>

where R" and R” are independently monomeric, oligomeric,
or polymeric compound nuclel, and n and m are integers

between 2 and 100, without n and m being 2 at the same
time.

10. A process according to claim 1, wherein the epoxide
oroup contamning compound 1s a glycidyl ether of the

formula (Ib):

(Ib)

(I0)
0O

/

RZ—C—Cl),,

and the acid chloride group containing compound 1s of the
formula (II):

(II)
//o

R*—C

Cl),

where R* and R* are independently monomeric, oligomeric,
or polymeric compound nuclel, and n and m are integers
between 2 and 100, without n and m being 2 at the same
fime.

11. A process according to claim 1, wherein the epoxide
oroup containing compound 1s a di or triglycidyl
1socyanurate, triphenylolmethane triglycidyl ether, di or
triglycidylaniline, N,N-diglycidyl-4-glycidyloxyaniline,
1,2-epoxy-3-allyloxypropane, 1,2-epoxy-3-
phenoxypropane, diglycidyl terephthalate, epoxidized soy-
bean fatty acid or oil, epoxidized polyvinylalcohol, poly
(glycidyl (meth)acrylates) based polymer, 3,4-epoxy-
cyclohexyl methyl 3,4-epoxy cyclohexane,
trimethylolethane triglycidyl ether, trimethylopropane trig-
lycidyl ether, poly(dimethyl siloxane) diglycidyl ether, poly
(propylene glycol)diglycidyl ether, poly(ethylene glycol)
diglycidyl ether, or poly[(o-cresyl glycidyl ether)-co-
formaldehyde].

12. A process according to claim 1, wherein the acid
chloride group containing compound 1s a 1,3,6-
benzenetricarbonyl trichloride, succinyl chloride, terephtha-
loyl chloride, malonyl chloride, or poly (meth)acryloyl
chloride.

13. A process according to claim 1, wherein the polymer-
ization 1s performed in the presence of an onium salt,
polyether or cryptand based complex, or amine containing
Lewis base as a catalysts.

14. A process according to claim 1, wherein the reactant
concentrations are selected to provide a ratio of epoxide
ogroups to acid chloride groups for the polymerization reac-
tion of greater than 2:1 or less than 2:3.

15. A process according to claim 1, wherein the reactant
concentrations are selected to provide a ratio of epoxide
ogroups to acid chloride groups for the polymerization reac-
fion of greater than 2:1 and results 1n a primarily epoxide
terminated product.

16. A process according to claim 1, wherein the reactant
concentrations are selected to provide a ratio of epoxide
ogroups to acid chloride groups for the polymerization reac-
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tion of less than 2:3 and results 1n a primarily acid chloride cidyl ether and the acid chloride group containing compound
terminated product. 1s succinyl chloride.

17. A process according to claim 1, wherein the epoxide 19. A process according to claim 1, wherein the epoxide
group containing compound 1s triphenylolmethane trigly- group containing compound 1s N,N-Diglycidyl-4-
cidyl ether and the acid chloride group containing compound 5 glycidyloxyaniline and the acid chloride group containing
1s terephthaloyl chloride. compound 1s terephthaloyl chloride.

18. A process according to claim 1, wherein the epoxade
group containing compound 1s triphenylolmethane trigly- %k k% %
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